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提。本研究以杂色鲍(Haliotis diversicolor diversicolor)与皱纹盘鲍(H. discus 
hannai)及其杂交子代为实验材料，应用荧光原位杂交（Fluorescence in situ 





技术的优点，使 FISH 灵敏度显著提高。应用 TSA-FISH 与常规 FISH 方法对杂
色鲍与皱纹盘鲍的端粒序列进行染色体定位，发现 TSA-FISH 信号比常规 FISH
更加强烈。并应用TSA-FISH方法定位杂色鲍和皱纹盘鲍的 rDNA，发现 18SrDNA
定位于杂色鲍第 3、4 对染色体的短臂端部，5SrDNA 定位于杂色鲍第 4、10 和
15 对染色体的区域以及皱纹盘鲍第 2、6、8 和 11 对染色体的区域。杂色鲍与皱




基因信号点主要分布于 M 染色体上，在第 3、5、6 和 8 对染色体上，而且在第
5 对染色体上有双信号点。杂色鲍 MNK 基因信号点也主要分布在 M 染色体上，
在第 1、3、6 和 7 对染色体上。杂色鲍 IRR 基因信号位点除了在 M 染色体上存
在，在唯一的 ST 染色体的长臂端部上也有分布，分别是第 4、6 和 16 对染色体。
同时，FGFR 基因信号簇位点也存在于 M 染色体上，和 ST 染色体长臂端部，分
别是第 5、6 和 16 对染色体。这四种功能基因的染色体定位都存在多态性特点，
而且有共同的分布点，GAD 与 IRR 基因共同存在于第 6 对染色体的长臂端部，

























































In the recent years, breed survival rate in abalone has dropped rapidly, genetical 
characterization decline and large epidemics are the important reasons. Therefore, to 
carry out the basic research is imminent, and the study of genetic background has 
become the premise to solve the problem of practice. In this paper, we use cytogenetic 
methods, such as fluorescence in situ hybridization(FISH) and genomic in situ 
hybridization (GISH) applying in the chromosome research of Haliotis diversicolor 
diversicolor , H. discus hannai and their hybrids, to enrich their cytogenetic basis 
information. Moreover, chromosome identification, analysis of evolution and 
potential applications of genetic characteristics were discussed. The major results and 
conclusions were as follows: 
1. Tyramine signal amplification with fluorescence in situ hybridization (TSA - 
FISH) method is a combination of enzyme-linked reactions and the advantages of the 
technique on FISH, improving fluorescent sensitivity significantly. The first chapter in 
this paper applied conventional FISH and TSA-FISH in the location of telomere 
sequence aiming at H. diversicolor diversicolor and H. discus hannai , and the results 
using the two methods were compared, revealing that TSA-FISH method could 
effectively improve the fluorescence intensity. At the same time, the TSA - FISH 
method was applied to locate rDNA, showing that 18S rDNA signals distributed in the 
ends of short arm of chromosome 3 and 4 in H. diversicolor diversicolor ; 5SrDNA 
signals located on chromosome 4, 10, 15 in H. diversicolor diversicolor and 
chromosome 2, 6, 8, 11 in H. discus hannai. Chromosome sites and number of 
18SrDNA and 5SrDNA in H. diversicolor diversicolor and H. discus hannai existed 
polymorphism. 
 2. The TSA-FISH method was applied in the four functional genes of H. 
diversicolor diversicolor, gene GAD, MNK, IRR and FGFR. The second chapter in 
this paper showed that GAD gene distributed in chromosome 3, 5, 6, 8 and MNK 
















gene lied in chromosome 5, 6, 16. Chromosome position of the four functional genes 
in H. diversicolor diversicolor showed characteristic polymorphism, and had common 
points. GAD and IRR gene existed in the long arm of chromosome 6 in the end, and 
the centromere and long arm of chromosome 6 had MNK signal points, and the short 
arm end of chromosome 6 possessed FGFR. In addition, IRR and FGFR co-existed in 
the long arm of chromosome 16. This revealed that different chromosomes in H. 
diversicolor diversicolor existed polyploidy, and provided basic information for 
chromosome evolution and genetic characteristics. 
3. Interspecific hybridization was artificially carried out between female small 
abalone (H. diversicolor diversicolor♀) and male ezo abalone (H. discus hannai♂), 
two important cultivated abalone species in China. Herein, using genomic in situ 
hybridization (GISH), the composition and the number of parental chromosomes have 
been examined in the hybrid at the trochophore and early veliger stage. The hybrid 
cells possessed chromosomes derived from both parent. Only 31% of them contained 
the intact genomes of both parent, lower than that in self-cross, indicating that the 
hybrid genome was unstable. Paternal preferential chromosome elimination was 
deduced from the result that intact genomes of small abalone observed in hybrid cells 
were more than those of ezo abalone. Most of the chromosome fragments in 
metaphase spread and lagging chromosomes during mitosis were derived from ezo 
abalone, giving visual evidence for the paternal chromosome preferential elimination. 
Thus, this work provided transparent evidences for uniparental preferential 
chromosome elimination occurring in interspecific hybrids of abalone. 
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第一章  前 言 
1.1 荧光原位杂交技术（FISH） 
荧光原位杂交（Fluorescence in situ Hybridization，FISH）是一门新兴的分子







其基本流程如图 1.1 所示： 
图 1.1 间接法 FISH 技术的基本流程示意图 
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记 RNA 探针的 3'端，并检测到特异的 DNA[4]；1982 年第一次采用生物素标记的
探针来进行荧光原位杂交[5]。FISH 技术发展的 30 多年里，通过改良靶标序列





分辨率只有 1 到 3Mb，很难为构建精细的物理图谱提供基础，一些较小的染色
体基本无法识别其形态。相比之下，减数分裂期的染色体浓缩程度大大降低，比




染色体上相距 50 kb 左右的两个DNA序列能同时被检测，但间期细胞核的 FISH
方法不能区别开染色体。间期细胞核中的染色质纤维或许是比较好的材料，没有
相关蛋白质的束缚，DNA 纤维得到伸展，能更好的进行杂交，该制备技术从最
初的建立[7]，到逐步改进后使得 DNA 纤维达到 2.5kb 到 3.5 kb 的分辨率[8]，DNA 

































1.1.2 提高 FISH 技术灵敏度的三种方法  
秋水仙素处理过的中期染色体凝缩程度较高，杂交成功的荧光信号一般成点
状，信号较弱并且容易发生淬灭，发展相关技术手段以提高 FISH 灵敏度具有非
常重要的意义，尤其是小片段 DNA 序列和单拷贝 DNA 序列的定位。分子细胞
生物学的研究对显微镜的分辨率提出越来越高的要求，并且需要与之相适合的图
像分析系统，不断改进显微装置和图像分析设备，是提高 FISH 技术灵敏度的硬
性条件。另外，从目前的研究报道中发现以下三个途径应用较广泛：      
（1）引物原位杂交技术（PRINS），是 Koch 等在 1989 年建立的[17]，将带
有标记的寡核苷酸 DNA 引物与染色体上的变性 DNA 进行杂交，再进行酶促反
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